i@ TAP CHi A
‘@ J KHI TUQNG THUY VAN

Bai bao khoa hoc .
Xay duwng m6 hinh dw bao BODs cho ha lwu song Sai Gon — Dong
Nai dua trén CAC mang no—ron nhan tao MLP va RBF

Nguyén Thi Diém Thiy*", Pham Thi Thdo Nhi’, Poan Thi Tric Min®, Pao Nguyén
Khoi *
! vién Moi truong va Tai nguyén, Pai hoc Qudc gia TP.HCM;
nguyenthidiemthuyapag@gmail.com;
2 Vién khoa hoc va Cong nghé tinh toan Tp.HCM; ptthaonhi@gmail.com
* Pai khi tuong thuy van khu vyge Nam bod; trucmandoan@gmail.com
* Khoa Moi truong, Trudng Pai hoc Khoa hoc Ty nhién, Pai hoc Qudc gia TP.HCM;
dnkhoi@hcmus.edu.vn
* Tac gia lién h¢: nguyenthidiemthuyapag@gmail.com; Tel.: +84-968638978

Ban Bién tdp nhan bai: 11/3/2020; Ngay phan bién xong: 3/4/2021; Ngay dang bai:
25/4/2021

Tém tit: Nhu cau oxy sinh héa (BOD) la thong s6 chat lugng nudc quan trong dé danh gia
mutc d6 6 nhiém ctia nude trén cac song, hd. Tuy nhién, viéc xac dinh néng do BODs trong
nudc theo cac phuong phap phan tich trong phong thi nghiém thuong mét nhiéu thoi gian (5
ngay). Muc tiéu ciia nghién ciru 1a xay dung mé hinh dy bao théng sé BODs duya trén hai md
hinh no—ron nhan tao 1a MLP va RBF tai ha luu song Sai Gon—Pdng Nai va danh gia hiéu qua
du bao giira hai mé hinh. Bay kich ban duoc xay dung dya trén twong quan riéng phan giira
thong s BODs véi cac thong sé chat lugng nudce khac bao gom COD, DO, TSS, Coliform,
P-PO4*, T va N-NH,". B dit liéu bao gom 08 thong s6 chét lugng nudc theo thang tir
2013-2018 va duoc chia thanh hai phan theo ty 1& 75:25 phuc vu hudn luyén va kiém tra cac
m6 hinh. Két qua nghién ctru cho thiy, ca hai mo hinh MLP va RBF déu c¢6 kha ning du béo
t6t BODs tai khu vuc, tuy nhién mo hinh RBF véi 05 thong sé dau vao (COD, DO, TSS,
Coliform, P-PO,%) cho két qua du bao tét nhit voi NSE = 0,855, R = 0,9, RMSE = 0,529
cho qua trinh huén luyén va NSE = 0,848, R%= 0,865, RMSE = 0,454 cho qua trinh kiém tra.
Két qua nghién ctru ndy ciling 12 nén tang phuc vu cho viéc du bao cac thong sb chat luong
nude khéc, ciing nhu du bao ngan han BODs trong khu vuc nghién ciru.

Tw khQa: Nhu cau oxy sinh héa; M6 hinh no—ron nhan tao; MLP; RBF; Ha luu séng Sai
Gon-bong Nai

1. M& dau

Nudc 12 ngudn tai nguyén quan trong, thiét yéu trong cudc sdng con ngudi va sy phat
trién clia dat nudc. Chat luong nude la mét chi tiéu quan trong lién quan den tat ca khia canh
ctia hé sinh thai va doi sdng con nguoi, nhu stc khoe cong dong, san xuat lwong thuc, hoat
dong kinh té va da dang sinh hoc. Do 6, chit lugng nudc ciing 1a mét trong nhiing co so dé
danh gia mtrc d¢ doi ngheo, thinh vuong va trinh d§ van hoa ctua khu vuc. Trong d6, nhu cau
oxy sinh hoa (BOD) la mét trong nhitng thong s6 chat lugng nude quan trong, cho phép danh
gia muc d6 6 nhiém hiru co c6 kha ning phan huy sinh hoc duoi diéu kién hiéu khi, day 1a
thong s6 quan trong dé d4nh gia mirc d6 6 nhiém cua nude, BOD cang cao ching to luong
chat hiru co c6 kha ning phan huy sinh hoc trong nudc 6 nhidm cang 16n. Trong thyc té, kho
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xac dinh dugc toan bd lugng oxy can thiét dé cac vi sinh vat phan huy céc chét hitu co ¢
trong nudc ma chi xac dinh dugce luong oxy can thiét trong 5 ngay & nhiét d6 20°C trong béng
toi [1].

Céc phuong phép do ludng truyén théng thudng phu thudc vao phén tich trong phong
thi nghiém, mat nhiéu thoi gian [2-3]. Cu thé, ddi véi thong sé BODs mét khoang 5 ngay dé
c6 dugc gia tri BOD theo cac phuong phap do luong hda hoc thong thudng. Dbi véi cac cong
cu giam sat truc tuyén co thé cho két qua quan tric lién tuc, tuy nhién can chi phi kinh té cao.
Vi vy, m6 hinh du bao va dy bao chat luong nude 1a rat can thiét dé theo doi lién tyc cac
thong s6 chat lugng nudc trén song, ciing nhu dong vai trod rt quan trong trong cong tac quan
ly tai nguyén nude. Hién nay cé nhidu phuong phap khic nhau d¢é mé hinh héa va du doan
chat lvong nude nhu mod hinh khai niém, m6 hinh vt 1y, mé hinh s6, mo hinh théng ké, v.v.;
tuy nhién trong nhiing nam gan day, mo hinh tri tu¢ nhan tao (Al) da dugc sir dung vi tinh don
gian va tinh chinh xé4c cua két qua dy bao. Mot diém manh nira ciia mo hinh Al'la m6 hinh Al
c6 kha nang du bao cdc hién tugng phuc tap va phi tuyén tinh ma khong can hiéu r& vé ban
chat vin dé. Do do, viéc sir dung phuong phap tiép can Al trong du bao chit luong nudc tro
thanh mot hudng nghién ctru tiém ning va thu hat sy quan tim ctia nhiéu nha nghién ctru trén
thé gidi.

Mot sé nghién ctru dién hinh c6 thé ké dén nhu nghién ctru ciia Dogan va cong sy nim
2008 da str dung mo hinh no—ron nhéan tao (ANN) dé dy bao BOD theo ngay, két qua cho
thdy mo6 hinh ANN c6 kha ning du bao BOD t6t dya trén 04 thong sé COD, SS, luu luong va
nito véi sai s6 trung binh 10,03% [4]. Nghién ctru ciia Csabragi va cong sy nam 2018 da du
béo néng d6 DO dua vao cac thong s6 pH, d6 din dién, nhiét d6 va dong chay bang cAc manh
no — ron nhan tao bao gdm cac mo hinh tuyén tinh (MLR) va phi tuyén tinh (MLP, RBF va
GR), két qua cho thiy cdc mo hinh phi tuyén tinh co kha nang du bao DO t6t hon so voi mod
hinh tuyén tinh va mo hinh RBF ¢6 hi¢u qua du bao t6t nhat trong tat ca cac mo hinh véi chi
s6 RMSE = 1,63 va R? = 0,59 [5]. Mot sé nghién ctru khac nhu nghién ctru ciia Dara va cong
sy nim 2018 d str dung mo hinh MLP véi 10 thong s6 chét lwong nude dau vao, 1 16p an—5
nodes va 1 16p dau ra dé du bao BOD [6], nghién ctru du béo cac thong sb chat lwong nudc
(TSS va BOD) bang mé hinh hdi quy tuyén tinh va mé hinh mang no—ron nhan tao (Deep
Feedforward Network) ctia Ahamad va cong sy nam 2019 [7].

Tir cac nghién curu da thuc hién co6 thé théy, mang no—ron nhan tao ¢6 kha nang dy bao va
du bao tbt cac thong sb chat lugng nude trén song vi vay trong nghién ciru nay hai mang
no—ron nhan tao la MLP (Multilayer perceptrons) va RBF (Radial basic function) dugc st
dung dé du bao thong sé BOD:s tai ha luu song Sai Gon-Pong Nai, day 1a khu vuc chiu nhiéu
anh huong ctia hoat dong phat trién cong nghiép va do thi ctia ving kinh té trong diém phia
nam. Muc tiéu cta nghién ctru la du bao néng do BOD:s tai ha luu song Sai Gbn—Déng Nai
dira trén mang MLP va RBF va so sanh hiéu qua du bao giira hai mo hinh. Bé dat dugc muc
tiéu trén cac ndi dung co ban dugce thyc hi¢n dé xay dung mot mo hinh no—ron nhan tao trong
nghién ctru ndy bao gdm: (1) thu thap va tién xu 1y dit liéu; (2) lua chon dau vao, (3) xir Iy va
phan tach dir liéu, (4) lwa chon kién trac mé hinh, (5) hudn luyén md hinh va (6) kiém dinh
mo hinh dé tim ra b thong s6 tdi wru ciia cac mo hinh [8].

2. Phwong phap nghién ciru

2.1 Khu vuc nghién ciru

Khu vyc nghién ctru thudc ving ha luu séng Sai Gon—Dong Nai, nam ¢ kinh d6 10°30° —
11°30° B va vi d6 106°15° — 107°15” B (Hinh 1). Khu vuc nghién ctru c6 dién tich khoang
3.200 km? di qua c4c tinh Binh Phuéc, Binh Duong, Tay Ninh, Long An, Pdng Nai va thanh
phd H6 Chi Minh (TP.HCM). Bao gdm céc con séng chinh nhu ha luu séng Pong Nai, séng
Soai Rap, song Nha B¢, song Sai Gon, song Vam Co va cac song, kénh thudc huyén Can Gio,
TP.HCM.
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Khi hiu cua khu vuc nghién ctru 1a nhiét d61 gié mua, véi luong mua trung binh ndm kha
cao, khoang 1.800 mm. C6 hai mua riéng biét 1a mua mua (thang 4 dén thang 10) va mua kho
(thang 11 dén thang 3 nim sau), trong d6 luong mua trong mua mua chiém khoang 80-85%
tong lwgng mua ndm. Do nam & ha luu hé thong séng Sai Gon—Dong Nai nén dong chay chiu
sy chi phdi manh m& bai thiy triéu bién Dong voi co ché dong chay chinh 13 dong chay 2
chidu. Bén canh 6, ha luu séng Sai Gon-Pdng Nai chay qua TP.HCM, Pong Nai, Binh
Duong, Ba Ria—Viing Tau, diy duoc xem nhu mot ving kinh té giau tiém ning, ving kinh té
dong luc manh hang dau cta Viét Nam hién nay va trong nhiéu nam t6i [9]. Dudi anh huong
cta hoat dong phat trién cong nghiép va do thi, van dé 6 nhiém nudc mit da va dang 1a mot
trong nhitng van dé buc thiét cua khu vuc nay. Vi vay, khu vuc ndy dugc chon lam khu vuc
nghién curu.
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Hinh 1. Khu vyc nghién ctu.
2.2. Phwong phdp m6 hinh héa

2.2.1. M6 hinh Multilayer Perceptrons (MLP)

Mang no—ron nhan tao 1a mdt dang tri tu¢ nhan tao dya trén chirc ndng ctia bd nao va hé
than kinh cta con ngudi. Mot mang no—ron nhén tao ¢ hai thanh phan co ban 1a no—ron va
lién két. Mot no—ron 1 phan tir xtr Iy va mot lién két duoc sir dung dé két ndi mot no—ron nay
v6i mot no—ron khac, mi lién két ¢6 trong sd riéng clia n6. Mang no—ron chi lan truyén theo
huéng thuan tir 16p dau vao qua mot hodc nhidu 16p an dén 16p dau ra dugc goi 1a mang



Tap chi Khi twong Thiiy van 2021, 724, 94-104; doi:10.36335/VNJHM.2021(724).94-104 97

no-ron lan truyén thang Ca hai mé hinh MLP va RBF dugc xay dung trong nghién ciru déu
12 mang no—ron lan truyén thang.

Multilayer perceptron (MLP) 1a mang no—ron lan truyén thang phd bién nhat. M6 hinh
MLP duoc sir dung rong rii trong cac bai todn du bao cac yéu td khi twgng, thity vin va chat
luong nude. MLP bao gdm nhiéu 16p té bao than kinh (no—ron) twong tac voi cac két ndi co
trong so [10]. N6i chung, mot md hinh MLP bao gom mot 16p dau vao ( input layer), mét hodc
mot s6 16p an (hidden layers) va mét 16p dau ra (output layer). Hinh 2a thé hién cu trac cua
mang MLP véi 2 16p an va Hinh 2D trinh bay cac thanh phan chinh trong mé hinh MLP.

Weights
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O \Weights Sum
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Inputs @/) Wh-1 7 .
O Activation Function
@/) Wa
Input Hidden 1 Hidden 2 Output
(a) Ciu triic mo hinh (b) Thanh phan chinh trong MLP

Hinh 2. Ciu trdc mang MLP.

2.2.2. M6 hinh Radial Basic Function (RBF)

Radial Basic Function (RBF) la mot mang no—ron lan truyén thang bao gom 03 16p
chinh: 16p dau vao, 16p an va 16p dau ra. S5 lwgng no—ron trong 16p dau vao phu thude vao
chidu cua vector dau vao, sb lugng no-ron trong 16p dau ra phy thudc vao sd nhan trong dir
lidu. SO lugng no—ron trong 16p an quyét dinh cau trac cua mang. Hinh 3 thé hién cau tric cta
mang RBF. M6 hinh RBF c6 cau truc don gian va tdc dd hoc nhanh hon so v&i md hinh MLP
[11].

Hidden layer

Input kayer

Hinh 3. C4u tric mang RBF [12].

Quy trinh tinh toan trong mo hinh RBF duoc thuc hién qua cac budc chinh sau:

+ Dir liéu dau vao dugc dua vao mang thong qua 16p dau vao.

+ Sau d6 mdi no—ron trong 16p an tinh toan su tuong dong gitra dir liéu dau vao va
nguyén mau luu trit trong mdi no—ron, cang nhiéu két qua nguyén mau két qua cang chinh
xac. Mbi no—ron trong 16p an ¢6 mot ham kich hoat Gaussian, véi cong thirc nhu sau:
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Trong d6 x 14 vector dau vao; Cj 1a tim ham Gaussian va oj 1a bé rong ham Gaussian cua
no—ron thur j.
+ Pau ra cua RBF dugc tinh toan st dung phuong phap trong so6 trung binh theo cong
thirc sau:

Yi = Zn:Wu¢J (x) (2)

Trong d6 Wi;jla trong sd thir i gitra 16p an va 16p dau ra; n 1a sb luong no—ron trong 16p

an.
2.3. Thu thdp, xu Iy va phan chia dir liéu

2.3.1. Thu thap va chuan hoa dit liéu

Céc dir li¢u dugc str dung lam dir li¢u dau vao cho md hinh du bao BODs tai khu vuc ha
lru song Sai Gon—Pong Nai bao gdm 08 thong sd chat lugng nude nhu cau oxy sinh hoa
(BOD:s), oxy hoa tan (DO), nhu ciu oxy hoa hoc (COD), nhiét d6 (T), amoni (N-NH,"), phdt
phéat (P-PO,%), tdng chét rén lo ling (TSS) va Tdng coliform (Coliform) tai 08 tram quan
trac theo thang tir nam 2013-2018 dugc thu thap tir Pai Khi twong Thay vian khu vuc Nam
bd. Vi tri cAc tram quan trac chat lugng nude duoc thé hién trong Hinh 1 va Bang 1 thé hién
mo ta théng ké cua cac dit liéu chat luong nude trong khu vue nghién ciru.

Bang 1. Dic trung cac thong sé chét lwong nudc tai khu vue nghién ctru.

Thong s6 DPon vi Lén nhat Nhé nhiat  Trung binh D Iéch chuén
BODs mg/I 11,00 1,00 3,54 1,34
T °C 27,40 25,00 26,07 0,59
DO mg/I 8,00 1,00 4,35 2,03
TSS mg/I 482,00 5,60 24,95 41,91
COD mg/I 26,00 3,00 12,52 4,93
P-PO>  mg/l 1,84 0,00 0,02 0,12
N-NH;,"  mg/l 48,10 0,01 0,96 4,30
Coliform  MPN/100ml  24.000,00 230,00 5.730,28 6.824,18

Dé thuc hién cac phép tinh trong mo6 hinh (cdng, nhadn ma tran, vector) yéu cau dit liéu
dau vao c6 cung kich thude, vi vay viée chudn hoa dir liéu dau vao bao gom loai bo céac dir
liéu nhiéu va chuan hoa céc dir liéu vé ciing khoang gia tri 1a viéc 1am quan trong trudc khi
thuc hién du bao BODs dua trén cac mang no—ron nhan tao. Dya vao dac diém cua bo dix liéu
thu thap, nghién ctru sir dung phuong phap chuan hoa min-max dé chuan hoa dit liéu dau vao
ctia mo hinh, ddy 1 phuong phap don gian nham dua tat ca cac dic trung vé cing mot khoang
gia tri. Cong thirc cy thé nhu sau:

X;- min(x;)
max(x,)- min(x;)

(3)

Trong do6 X; va X i 1An lugt 1a gid tri ddc trung ban dau va gia tri dac trung sau khi dugc
chuan héa; min (X;) va max (x;) 1a gia tri nho nhat va 16n nhat ctia dac trung thir i xét trén toan
bd cac diém dir li¢u cua tap dir liéu.
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2.3.2. Phan chia dit liéu

Mot trong nhimg budc quan trong nhit trong viéc phat trién mé hinh 1 qua trinh chia
nho dit liéu dé huan luyén va kiém tra. Dit liéu huén luyén s€ duogc st dung dé xé4c dinh cdu
tric mo6 hinh, cling nhu gié tri cia cac tham s6 mo hinh va bo dit liéu kiém tra dugc st dung
dé danh gia hiéu qua ctia mo hinh.

Budc nay thuong duge thuc hién bang cach thir va sai dé dam bao ring mo hinh co thé
dat dugc hiéu qua tdi wu [13]. Sau khi thuc hién, bd dir liéu dugc chia thanh hai phén phuc vu
cho qua trinh huan luyén va kiém tra, cu thé 75% (185 dir liéu/1 thong s0) duogc sur (dung cho
qué trinh huan luyén va 25% (61 dit liéu/1 thong sd) dugc st dung cho qua trinh kiém tra mé
hinh, ty 1& nay ciing da duoc ap dung va dat hiéu qua cao trong mot sé nghién ciru tmg dung
mo hinh trf tué nhan tao dé du béo chit luong nudc nhu nghién ciru [14-16].

2.4. Danh gia hiéu qua dw bdao cua mo hinh

Hiéu qua dy bao ctia cAc mo hinh dugc danh gia bang phuong phap d6 thi va phuong
phap thong ké dé so sanh chat luong va do tin ciy cta két qua dyu bao voi 5O lidu thyc do.
Trong nghién cu‘u nay, céc phuong phap thdng ké danh gla két ‘qua mo hinh bao g6m hé sd
tuong quan (R?), hé sb hiéu qud Nash-Sutcliffe (NSE) va sai s6 quan phuong (RMSE). Gia
tri ctia R? va NSE cang gan 1 thi mo hinh cang dat hiéu qua cao, va gia tri RMSE cang gan 0
thi md hinh c0 sai s6 cang nho [17].

2.5. Xay dung cac kich ban dy bao

Cac thong sd chat luong nudc da thu thap duoc st dung dé xay dung cac kich ban tinh
toan dua trén twong quan riéng phan giita BODs véi cac thong sé chit luong nude khac giai
doan 2013-2018. Bang 2 thé hién két qua tinh twong quan riéng phan giita BODs vé6i 07
thong s6 chét lwong nurde dau vao con lai, két qua cho thidy BODs c6 twong quan cao nhat véi
thong s6 COD (0,85), tiép do 1a thong s6 DO (-0,55) va thong s6 amoni ¢6 tuwong quan thap
nhat.

Bang 2. Tuong quan gitra cic thong sé dau vao va BODs.

Théng sb coD DO TSS  Colifoom P-PO> T N-NH/
Twong quan (r) 0,85 0,55 0,21 0,17 007 007 001

Cac kich ban véi t6 hop thong s6 dau vao duoc xay dung dua trén muc do tuong quan tir
cao dén thap cua cac thong s6 dau vao, theo do 07 kich ban du bao trong nghién ctru dugc mo
ta nhu trong Bang 3.

Bang 3. Cac kich ban dy bao BOD:s.

STT  Kich ban Théng s6 dau vao
1 KB1 COD
2 KB2 COD, DO
3 KB3 COD, DO, TSS
4 KB4 COD, DO, TSS, Coliform
5 KB5 COD, DO, TSS, Coliform, P-PO,*
6 KB6 COD, DO, TSS, Coliform, P-PO,*, T
7 KB7 COD, DO, TSS, Coliform, P-PO,*, T va N-NH,"
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3. Két qua va théo ludn

3.1. M6 hinh MLP

Mo hinh MLP duoc sir dung dé du bao BODs theo 07 kich ban véi cac thong sé dau vao
khac nhau, hi¢u qua du bao theo cac chi s6 RMSE, NSE va R? trong tat ca cac kich ban duoc
thé hién trong Bang 4. Két qua cho thiy, cac md hinh MLP véi cac thong sé dau vao khac
nhau déu cho két qua du bao BODs kha tét véi RMSE < 0,813, R*> 0,740 va NSE > 0,723
cho ca hai giai doan huan luyén va kiém tra. Trong d6, kich ban KB7 véi 07 thong sd dau vao
bao gdbm COD, DO, TSS, Coliform, P-PO,*, T va N-NH,;" cho két qua du bao tét nht véi
NSE, R? 16n nhit va RMSE nh6 nhét so v&i 06 kich ban con lai, cu thé chi sé NSE = 0,834, R?
= 0,836 va RMSE = 0,551 cho qua trinh huén luyén va NSE = 0,832, R* = 0,832 va RMSE =
0,521 cho qué trinh kiém tra. DJ thi so sanh giita ndng d6 BODs thuc do va dur bao trong qué
trinh huan luyén va kiém tra theo KB7 duoc thé hién trong Hinh 4.

Bang 4. Hi¢u quéa du bao BODs cia md hinh MLP.

Kich ban KB7 KB6 KB5 KB4 KB3 KB2 KBI1

RMSE 0,551 0,571 0,573 0,584 0,589 0,605 0,655
Huén luyén R? 0,836 0,814 0,819 0,816 0,801 0,805 0,740
NSE 0,834 0,808 0,818 0,811 0,799 0,802 0,729

RMSE 0,521 0,632 0570 0,573 0,647 0556 0,813
Kiém tra R 0,832 0,808 0,813 0,816 0,789 0,810 0,744
NSE 0832 0,805 0,811 0,808 0,784 0,802 0,723
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Hinh 4. Két qua du bao BODs cita md hinh MLP—KB?7.

3.2. M0 hinh RBF

Hiéu qua du bao BODs theo 07 kich ban tinh toan ctia m6 hinh RBF duoc trinh bay trong
Béng 5. Két qua cho thiy, mé hinh RBF theo kich ban KBS véi 05 théng s6 dau vao (COD,
DO, TSS, Coliform, P-PO,*") cho hiéu qué du béo tot nhat véi cac gia tri NSE, R? 16n nhit va
gia tri RMSE nho nhét trong tit ca cac kich ban & ca qua trinh huan luyén va kiém tra, cy thé
chi s6 NSE = 0,855, R? = 0,9, RMSE = 0,529 cho qua trinh huén luyén va chi s6 NSE = 0,848,
R? = 0,865, RMSE = 0,454 cho qua trinh kiém tra. Hinh 5 thé hién két qua dyu bao BODs cua
mo hinh RBF theo KB5.
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Bang 5. Hiéu qua du bao BODs cia m6 hinh RBF.

Kich ban KB7 KB6 KB5 KB4 KB3 KB2 KBI1

RMSE 0,566 0,492 0,529 0,553 0,607 0590 0,618
Huén luyén R 0,828 0,854 0,900 0,839 0,803 0,807 0,758
NSE 0,827 0849 0,855 0,836 0,802 0,804 0,749

RMSE 0,657 0,616 0,454 0,493 0,559 0,610 0,803
Kiém tra R 0,735 0,845 0,865 0,857 0,798 0,796 0,785
NSE 0,730 0,836 0,848 0,835 0,796 0,792 0,746
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Hinh 5. Két qua dy bdo BODs cua mé6 hinh RBF-KBS.

Bén canh d6, két qua con cho thay rang viéc ting sb lwong thong s6 dau vao khong phai
luc nao cling cho hi¢u qua dy bédo tot hon, bang chung 1a hi¢u qua du bao cia KB5 voi 05
thong s6 dau vao tot hon so véi KB6 va KB7 véi lan lugt 06 va 07 thong s6 dau vao.

3.3. Cdu triic va b théng so t6i wu ciia mé hinh da xdy dung

Két qua thong ké hiéu qua dy bao tir hai mo hinh trong Bang 4 va Bang 5 cho thiy rang
mo hinh RBF ¢6 kha nang dy bao BODs tai khu vuc nghién ctru tdt hon so véi mo hinh MLP,
cu thé hiéu qua du bao ctia mé hinh RBF t6t hon thong qua cac chi sé thong ké NSE, R%va
RMSE. Bén canh d6, mé hinh RBF chi sir dung 05 théng sé (COD, DO, TSS, Coliform,
P-PO4¥) dé cho hiéu qué du bao tét nhét, nguoc lai mé hinh MLP can dung 07 thong s6 dau
vao (COD, DO, TSS, Coliform, P-PO,>", T va N-NH," ) dé cho két qua tbt nhit. Viéc giam
sO lugng thong sd dau vao co thé tiét kiém duogc chi phi phan tich va ting hiéu qua kinh té.

Céu tric va bo tham s6 t6i uru ciia mod hinh RBF theo kich ban B5 vai 05 thong sé dau vao
la COD, DO, TSS, Coliform va P-PO,*" duoc thé hién trong Bang 6. Cu thé, md hinh RBF
véi 07 16p 4n, s6 lwong no—ron trong cac 16p khac nhau, ham Relu duoc chon 1a ham kich
hoat véi ty 1€ hoc = 0,001, Epsolon = 1e—07 va Beta = 1. Thuat toan tdi wu duogc str dung la
RMSprop.

4. Két luan

Nghién ctru da thuc hién du bao BODs tai ha Iuu song Sai QC‘)n—Déng Nai dua trén hai
mang no-ron nhéan tao la MLP va RBF. Bay kich ban S}ﬁf dung d¢é du b;io BODs tai khu vuc
nghién ctru dugc xay dung dua trén tuong quan riéng phan gitra thong s6 BODs voi cac thong
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s& chét lugng nude khac bao gdbm COD, DO, TSS, Coliform, P-PO,>", T va N-NH,". Hiéu
qué dy béo cta cac mod hinh duoc danh gia thong qua ba chi sé NSE, R?va RMSE.

Két qua nghién ctru cho thdy, ca hai mé hinh déu c6 kha ning du bao tét BODs tai khu
vuc voi RMSE < 0,85, R2>0,74 va NSE>0,72 & tit cé cac kich ban tinh toan, tuy nhién mo
hinh RBF ¢6 hi¢u qua du bao cao hon hon so v6i mé hinh MLP. Ngoai ra, m6 hinh RBF con
sir dung it thong so dau vao hon, cu thé mo hinh RBF véi 05 thong s0 dau vao cho hiéu qua
dur bao tdi vu nhit, trong khi m6 hinh MLP can 07 thong sé dau vao dé cho két qua du béo t6i
vu. Ciu tric va bo tham s6 tdi uu cia mo hinh tim dugc sau qua trinh huan luyén va kiém tra
trong du bao hién trang BODs cling la nén tang phuc vu cho viéc du bédo céac thong s6 chat
lwong nude khac ciing nhu du bao ngin han cac thong sé cht lugng nudc trong twong lai.

Cac két qua dat duoc trong nghién ctru cho théy thé manh cta cac thuat toan tri tué nhan
tao trong du bao cac thong sb chat lwong nude. Tuy nhién, trong cac nghién ctru tiép theo s&
tién hanh thir nghiém cac k¥ thuat Al khac dé tim ra k¥ thuat tot nhat nham ting d6 chinh xéac
ctia két qua du bao.

Bang 6. CAu triic va tham s6 t6i vu m6 hinh RBF dy bao BODs.

S6 16p 4n Loai I6p 4n S6 no—ron Tham s6 Gia tri
£ Lép an 1 RBFLayer 35 = Ham kich hoat Relu
= Lop an 2 Dense 25 -E Ty 1& hoc 0,001
=) Lép an 3 Dense 25 £ Epsilon 1,00e-07
3 Lép an 4 Dense 15 ‘@ Beta 1
= Lopan’s Dense 5 _§ Thuat toan 51 wu RMSprop
@) Lép an 6 Dense 5 = Epoch 500
Lép an 7 Dense 5 Batch-size 50

Dong gop cua tac gia: Xay dung y tuong nghién coru: N.T.D.T., D.N.K.; Lya chon phuong
phép nghién ctru: N.T.D.T., D.N.K.; Xtr Iy s6 liéu: P.T.T.N., D.T.T.M.; Viét ban thao bai
bao: N.T.D.T., D.N.K.; Chinh stra bai bao: N.T.D.T., D.N.K,, P.T.T.N,, D.T.T.M.

Loi cam on: Nghién ctru nay dugc thuc hién dudi sy tai trg cia S& Khoa Hoc va Cong Nghé
Tp.HCM va duogc thyc hién bdi Vién Khoa hoc va Cong nghé Tinh toan (ICST) thong qua
Hop dong thyc hién nhiém vu khoa hoc va cong nghé s 11/2020/HD—-QPTKHCN ngay 22
thang 04 nam 2020.

Loi cam doan: Tép thé tac gia cam doan bai béo nay 13 cong trinh nghién ctru cta tap thé tac
gia, chua dugc cong bo ¢ dau, khong dugce sao chép tir nhitng nghién ctru trude day; khong co
su tranh chap o1 ich trong nhom tac gia.
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Abstract: Biochemical Oxygen Demand is one of the most crucial water quality parameters
to assess of water pollution of rivers. Nevertheless, BOD needs longer periods (5 days) to
get results. The objective of this research is to build a computational model based on the
artificial neural networks, including Multilayer Perceptron Network (MLP), and Radial
Basis Function network (RBF) for simulating BODs in the lower Sai Gon — Dong Nai rivers,
and to evaluate the simulation efficiency between MLP and RBF. Seven different input
combinations were constructed using Pearson correlation coefficients between each water
quality parameter (COD, DO, TSS, Coliform, P-PO,*", T, and N-NH4") and BODs. Five
years (2013 to 2018) of monthly data from eight water quality monitoring stations within
the study area were compiled, which were divided into two sub—sets (ratio 75:25) for model
training and model testing. The results indicated that both the models satisfactorily
simulated BODs but the RBF model with the combinations of variables numbered 5 (COD,
DO, TSS, Coliform, P-PO,*) demonstrated the best performance, values of Nash—Sutcliffe
efficiency (NSE), coefficient of determination (R?), and root mean square error (RMSE)
were 0,848, 0,865, and 0,454, respectively. The results of this research are also the
foundation for short—term prediction of BODs, as well as the simulation of the other water
quality parameters in the area.

Keywords: Biochemical Oxygen Demand; Artificial Neural Network; MLP; RBF, The
lower Sai Gon—Dong Nai rivers.



